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 O objetivo deste estudo foi avaliar o efeito de primers cerâmicos e protocolos de 
silanização nas características físico-químicas e morfológicas de uma cerâmica vítrea à base de 
dissilicato de lítio, bem como na resistência de união cerâmica-cimento resinoso antes e após a 
termociclagem. Três primers cerâmicos: silano (RelyX Ceramic Primer - RL), silano+MDP 
(Clearfil Ceramic Primer Plus - CP) e primer autocondicionante (Monobond Etch and Prime - 
MB) foram aplicados na superfície da cerâmica utilizando diferentes protocolos de aplicação. 
Os protocolos utilizados foram: 1) aplicação do primer seguindo as recomendações do 
fabricante (MR); 2) MR + Secagem adicional com ar a temperatura ambiente por 30s (RTA); 
3) MR + Secagem adicional com ar quente aplicado com secador de cabelo a 85ºC por 30s 
(HT); 4) MR + Lavagem com água a temperatura ambiente por 10s e secagem com ar também 
a temperatura ambiente por 30s (WT); 5) Amostras não foram silanizadas (NS). O impacto dos 
fatores primer e protocolo de silanização na superfície da cerâmica foi avaliado por meio da 
mensuração da energia de superfície (SFE) (n=10), análise morfológica utilizando microscopia 
eletrônica de varredura, composição e interação química da camada do silano com a superfície 
da cerâmica analisadas por meio de espectroscopia de fotoelétrons excitados por raios X (XPS). 
Também foi avaliada a influência dos protocolos de silanização utilizando RL ceramic primer 
na resistência de união cerâmica-cimento em 24h (n=20) e após 10.000 ciclos térmicos entre 5º 
e 55 ºC (n=20). RL apresentou os maiores valores de energia de superfície quando comparado 
aos demais primers e morfologia de superfície semelhante ao grupo NS. O MB apresentou 
menor energia de superfície e uma superfície mais hidrofóbica. O CP revestiu a superfície 
condicionada, reduzindo as porosidades formadas pelo ácido fluorídrico. Ligações do silício da 
molécula do silano com hidroxilas da superfície da cerâmica foram identificadas para todos os 
primers. Os protocolos de silanização não tiveram influência na morfologia e energia de 
superfície da cerâmica. Os protocolos HT e WT nos primers RL e CP resultaram em uma 
superfície mais hidrofóbica. Na análise de 24h, os maiores valores de resistência de união (TBS) 
foram produzidos pelos protocolos HT e WT. Após termociclagem houve uma redução 
estatística na resistência de união a tração para todos os grupos. De forma geral, foi concluído 
que os protocolos de silanização tiveram influência nas características físico-químicas e adesiva 
da cerâmica a base de dissilicato de lítio, enquanto os primers cerâmicos apresentaram 
influência em todas as características avaliadas.  
 Palavras-chave: Silano. Cerâmicas odontológicas. Cimentação.  
ABSTRACT 
 
 The aim of this study was to evaluate the effect of ceramic primers and silanization 
protocols on physicochemical and morphological characteristics of a lithium disilicate glass 
ceramic, as well as their effect on ceramic-resin cement bond strength before and after 
thermocycling. Three ceramic primers: silane (RelyX Ceramic Primer - RL), silane+MDP 
(Clearfil Ceramic Primer Plus - CP) and self-etching ceramic primer (Monobond Etch and 
Primer - MB), were applied on ceramic surface following different silanization protocols. The 
protocols were as follows: 1) Treated as recommended by manufacturer (MR), 2) MR + 
additional drying with air at room temperature for 30s (RTA), 3) MR + additional drying with 
hot air applied with a hairdryer at 85ºC for 30s (HT), 4) MR + Surface rinsing with water at 
room temperature for 10s and drying with air at room temperature for 30s (WT), and 5) 
Specimens were not silanized at all (NS). Surface free energy (SFE) measurements (n=10), 
morphological characterization using scanning electron microscope, elemental composition and 
chemical interaction analyses of the silane layer with ceramic surface were performed in order 
to evaluate the effect of primers composition and silanization protocols on ceramic surface. The 
influence of silanization protocols using RL primer on ceramic-resin cement bond strength at 
24h (n=20) and after 10.000 thermal cycles between 5ºC and 55ºC (n=20) was also assessed. 
RL resulted in the highest SFE and surface morphology was similar to NS group. MB presented 
the lowest surface free energy values and a more hydrophobic layer was created. CP covered 
the etched surface, reducing the microporosities produced by hydrofluoric acid. Siloxane bonds 
between silane molecules and hydroxyls present on ceramic surface were identified for all 
tested primers. Surface energy and morphology were not influenced by the different silanization 
protocols. The protocols HT and WT used with RL and CP primers resulted on a more 
hydrophobic surface. At 24h analysis, the protocols HT and WT on ceramic surface treated with 
RL primer presented the highest tensile bond strength (TBS) values. Thermocycling reduced 
TBS for all analyzed groups. In general, it was concluded from this study that silanization 
protocols influenced the physicochemical and adhesive characteristics of a lithium disilicate 
and ceramic primers influenced all characteristics evaluated.  
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Uma ampla variedade de cerâmicas com diferentes composições e técnicas de 
processamento está disponível atualmente no mercado (Gracis et al., 2015). Elas podem ser 
classificadas de acordo com o conteúdo vítreo em cerâmicas policristalinas ou vítreas (Tian et 
al., 2014). As cerâmicas vítreas consistem em uma matriz rica em sílica, reforçada ou não por 
cristais. Dentre elas, as cerâmicas a base de dissilicato de lítio têm sido amplamente utilizadas 
devido às boas propriedades mecânicas, estética, biocompatibilidade, estabilidade a longo prazo 
e altas taxas de longevidade clínica (Hallmann et al., 2018; Rauch et al., 2018). No entanto, o 
sucesso clínico dessas restaurações depende de uma forte união com o cimento resinoso 
(Baratto et al., 2015). O tratamento da superfície da cerâmica é necessário de modo a ativar o 
substrato para uma adesão duradoura. Diferentes estratégias têm sido propostas, mas o 
condicionamento com ácido fluorídrico seguido da aplicação do silano é o protocolo mais bem 
estabelecido (Matinlinna et al., 2018). O ácido fluorídrico dissolve seletivamente a matriz 
vítrea, criando rugosidades que favorecem a retenção micromecânica do cimento resinoso (Tian 
et al., 2014). Além disso, a energia de superfície e a densidade de grupamentos hidroxila 
aumentam após o condicionamento ácido (Lung e Matinlinna, 2012).  Já o silano promove a 
união química entre a cerâmica e o cimento resinoso (Yao et al., 2018). 
 As soluções de silano disponíveis comercialmente são compostas em geral por 
moléculas de silano, ácido acético, etanol e água. Estão disponíveis na forma pré-hidrolisada 
em frasco único ou em um sistema de dois frascos que precisa ser misturado antes do uso 
(Matinlinna et al., 2018). O silano mais comumente utilizado na odontologia é o ɣ-
metacriloxipropiltrimethoxisilano (MPTS). Trata-se de uma molécula bifuncional com um 
grupamento metacrilato que copolimeriza com o cimento resinoso e uma terminação alcóxi 
hidrolisável que se liga à superfície da cerâmica (Matinlinna e Vallittu, 2007; Della Bona et al., 
2014; Yoshihara et al., 2016). Após hidrólise em meio aquoso, grupamentos silanol 
(SiOCH3→SiOH) são formados e então as moléculas de silano reagem com as hidroxilas 
presentes na superfície da cerâmica, inicialmente por meio de pontes de hidrogênio e 
posteriormente pela formação de ligações covalentes, com liberação de água como subproduto 
(Matinlinna et al., 2018). A formação de uma monocamada ligada quimicamente à superfície 




 A união com a estrutura da cerâmica depende de diferentes fatores como pH da solução, 
solvente, concentração e estrutura molecular do silano (Matinlinna et al., 2018; Queiroz et al., 
2012; Abel et al., 2006). Além disso, o protocolo de silanização como secagem, temperatura e 
umidade do ambiente influenciam a estrutura da camada formada (Queiroz et al., 2012; 
Fabianelli et al., 2010). Após aplicação do silano, remanescentes de água, álcool e outros 
produtos podem permanecer no interior da camada e ficarem adsorvidos à superfície da 
cerâmica. A remoção desses resíduos aumenta o número de sítios de ligação disponíveis na 
cerâmica para união com o MPTS (Shen et al., 2004), bem como possibilita a união entre as 
moléculas de silano próximas, formando uma rede com ligações cruzadas que é 
hidroliticamente mais estável (Roulet et al., 1995; Barghi et al., 2000; Baratto et al., 2015). 
Diferentes protocolos de silanização têm sido sugeridos com o intuito de maximizar essa união 
ao remover de forma efetiva esses subprodutos e o método mais comumente utilizado baseia-
se na aplicação de calor na superfície da amostra. No entanto, os benefícios desse protocolo não 
são um consenso (Yavuz & Eraslan, 2016; Queiroz et al., 2012; Carvalho et al., 2011; 
Monticelli et al., 2006) e os métodos empregados são bastante variáveis, incluindo aquecimento 
no forno com diferentes temperaturas, aplicação de jatos de ar quente e lavagem com água 
quente (Baratto et al., 2015; Queiroz et al., 2012; Fabianelli et al., 2010; Hooshmand et al., 
2002). Além disso, o uso de protocolos de aquecimento não é prático na rotina clínica e mais 
estudos devem ser realizados com o objetivo de encontrar alternativas efetivas para melhorar a 
união, além de padronizar o protocolo de silanização.  
A efetividade da união do silano com cerâmicas vítreas já é bem estabelecida 
(Matinlinna et al., 2018). No entanto, com o intuito de obter materiais simplificados e mais 
versáteis para uso clínico, novas formulações estão surgindo. Produtos contendo silano 
associado ao 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP) têm sido usados 
devido a capacidade desse monômero fosfatado em se ligar quimicamente a superfícies de 
zircônia e metais (Ikemura et al., 2011). Dessa forma, esses primers poderiam ser usados tanto 
na cimentação de cerâmicas vítreas e quanto em restaurações em zircônia. Estudos recentes têm 
demonstrado que a associação do 10-MDP com MPTS nesses primers cerâmicos tem levado a 
uma redução da efetividade do silano devido ao aumento nas taxas de autocondensação ou 
formação de intermediários Si-O-P que não são capazes de se ligar a superfície da cerâmica 
(Pilo et al., 2018; Yao et al., 2018). Além disso, o efeito desses primers nas propriedades de 
superfície das cerâmicas vítreas ainda não foi esclarecido.  
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Um outro primer cerâmico simplificado foi lançado no mercado com o intuito de 
condicionar e silanizar em um passo único (Volkel & Braziulis 2015). De acordo com o 
fabricante, é composto por fluoreto de amônio que produz um padrão de condicionamento 
menos agressivo comparado ao ácido fluorídrico e em conjunto com um agente de ligação 
forma uma união forte com a superfície da cerâmica (Volkel & Braziulis 2015; Tribst et al., 
2018). Esse primer apresenta como vantagens a redução das etapas clínicas de tratamento de 
superfície e da sensibilidade da técnica usada em métodos convencionais (El-Damanhoury & 
Gaintantzopoulou, 2018). Além disso, elimina o efeito tóxico do ácido fluorídrico e gera um 
padrão de condicionamento menos invasivo na cerâmica, evitando a criação de defeitos 
superficiais na microestrutura da cerâmica e consequentemente na redução de suas propriedades 
mecânicas (Murillo-Gómez et al., 2018; El-Damanhoury & Gaintantzopoulou, 2018). A 
literatura acerca da efetividade adesiva deste produto na superfície da cerâmica ainda é 
contraditória (El-Damanhoury & Gaintantzopoulou, 2018; Lopes et al., 2018; Lyann et al., 
2018; Tribst et al., 2018; Prado et al., 2018) e caracterizações mais detalhadas são escassas. 
Diante da diversidade de primers cerâmicos disponíveis, o efeito dos mesmos na adesão e 
superfície da cerâmica precisa ser esclarecido.  
Desta forma, objetivo deste estudo foi avaliar o efeito de primers cerâmicos e protocolos 
de silanização na morfologia e propriedades físico-químicas de uma cerâmica vítrea a base de 
dissilicato de lítio, bem como da influência dos diferentes métodos de aplicação na resistência 














2.1 Artigo: Physicochemical and morphological characterization of a glass ceramic 
treated with different ceramic primers and post-silanization protocols 
Artigo submetido ao periódico Dental Material (Anexo1) <Autoria: Marina Moreno, Fabián 
Murillo-Gómez, Mario de Goes> 
 
Abstract 
Objective: Evaluate the effect of different ceramic primers and post-silanization protocols on 
physicochemical and morphological characteristics of a lithium disilicate glass ceramic.  
Methods: Lithium disilicate ceramic (IPS e-max CAD) plaques (6x10x2mm) were divided in 3 
groups according to the ceramic primer used: 1) Silane (RelyX Ceramic Primer - RL); 2) Silane 
+ MDP (Clearfil Ceramic Primer Plus - CP); 3) Self-etching ceramic primer (Monobond Etch 
and Prime - MB). Plaques from groups 1 and 2 were etched with 5% hydrofluoric acid for 20s. 
Specimens from each group were distributed into 5 sub-groups according to post-silanization 
protocols: a) treated as recommended by manufacturer (MR), b) MR + additional drying with 
air at room temperature for 30s (RTA), c) MR + additional drying with hot air applied with a 
hairdryer at 85ºC for 30s (HT), d) MR + surface rinsing with water at room temperature for 10s 
and drying with air at room temperature for 30s (WT), and e) Specimens were not silanized at 
all (NS).  Surface free energy (SFE) was determined using the harmonic average formula and 
static contact angles measurements (n=10) with water and diiodomethane. SFE data were 
submitted to Friedman followed by Wilcoxon post-hoc test (α=0.05). Surface morphology was 
analyzed using scanning electron microscopy (SEM) (JSM 5600 LV, JEOL) and elemental 
composition and chemical interactions were determined with X-ray photoelectron spectroscopy 
(XPS) analysis. 
Results: Ceramic primers produced statistically different surface free energy values. RL 
presented the highest SFE (62.4 mN/m) followed by CP groups (59.7 mN/m). Post-silanization 
protocols resulted in similar SFE, but in different water contact angles. The protocols WT and 
HT resulted in the highest water contact angles for CP and RL. The application of CP modified 
surface morphology compared to the etched and RL treated groups. MB produced a less 
pronounced etching pattern compared to hydrofluoric acid. The presence of water was 
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identified on CP treated specimen. Siloxane bonds were identified for all tested ceramic 
primers. 
Significance: Ceramic primers resulted in different surface free energy and morphology, but 
siloxane bonds were identified for all tested solutions. HT and WT protocols should be used 
with RL and CP primers. MB was not influenced by the different post-silanization protocols. 
Keywords: silane, self-etching ceramic primer, glass ceramic 
 
Introduction 
 A range of ceramics with different compositions and processing techniques are now 
available for indirect restorations (Gracis et al., 2015; Matinlinna e Vallittu., 2007). Different 
classification systems have been proposed and dental ceramics can be classified according to 
the glass content in its chemical composition as polycrystalline and glass ceramics (Tian et al., 
2014). Lithium disilicate glass ceramics are mainly composed of a silica rich phase reinforced 
with crystals and have been widely used due to optimal mechanical properties and aesthetic 
(Gracis et al., 2015; Hallmann et al., 2018). Moreover, they can be adhesively luted to the tooth 
structure. A strong and long-lasting bond with resin cement depends on a suitable ceramic 
surface treatment (Della Bona, 2005; Tian et al., 2014; Gracis et al., 2015). Two main 
approaches have been recommended to prepare the ceramic restoration: micromechanical 
retention and chemical bond (Tian et al., 2014). Hydrofluoric acid changes surface topography 
as it selectively attacks the glassy phase increasing surface energy and creating microporosities 
that facilitate micromechanical interlocking of the resin cement (Gracis et al., 2015; Tian et al., 
2014). On the other hand, silane coupling agents function as mediators and promote chemical 
bonding of the resin cement with ceramic surface (Matinlinna e Vallittu, 2007).   
 Silanes consist on organic compounds that essentially contain one or more silicon atoms 
(Matinlinna et al., 2004). The most common type used in dentistry is ɣ-
methacryloxypropyltrimethoxysilane (MPTS). It is a bifunctional molecule with one 
organofunctional group containing methyl methacrylate that polymerize with resin cements and 
a hydrolysable alcoxy group that reacts with Si-OH on ceramic surface (Matinlinna e Vallittu, 
2007; Della Bona et al., 2014). The alcoxy groups must first be activated via hydrolysis 
(SiOR→SiOH) in order to be suitable to chemically react with ceramic surface (Lung & 
Matinlinna, 2012; Shen et al., 2004). The formed silanol suffer condensation reactions with 
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hydroxyls present on ceramic surface, releasing water as a byproduct (Matinlinna et al., 2018). 
MPTS also reacts with themselves to form siloxane bonds by horizontal condensation, resulting 
in a cross-linking tridimensional layer (Antonucci et al., 2005). The formation of this branched 
hydrophobic layer increase hydrolytic stability and make the ceramic surface more conducive 
to bond to resin cement (Sattabanasuk et al., 2016; Della Bona 2005).  
The structure of the silane layer is influenced by a number of factors such as composition 
of silane solution and silanization protocols (Queiroz et al., 2012). Silanization protocols should 
remove water, solvents and contaminants in order to increase the accessible sites on ceramic 
surface to bond to MPTS molecules and enhance the condensation reactions between the silane 
compounds (Shen et al., 2004). The efficiency of different protocols might vary according to 
the material composition (Baratto et al., 2005). Manufacturers usually recommend the 
application of a mild oil-free air, but it seems that is not enough to effectively remove solvents 
(Queiroz et al., 2012; Corazza et al., 2013). The use of heat treatment has been the main 
alternative evaluated, but the effectiveness of this protocol is still not a consensus (Yavuz & 
Eraslan, 2016; Queiroz et al., 2012; Carvalho et al., 2011; Monticelli et al., 2006).  
In general, the composition of conventional silanes consists on MPTS molecules, acetic 
acid, ethanol and water. They are available in one bottle pre-hydrolyzed form or in a two-bottle 
system that should be mixed before use (Matinlinna et al., 2018). However, in order to obtain 
materials with simplified use and able to bond to different substrates, new formulations are 
emerging. A multi-purpose ceramic/metal primer containing MPTS with 10-
methacryloyloxydecyl dihydrogen phosphate (10-MDP) have been used (Yoshihara et al., 
2016; Pilo et al., 2018; Yao et al., 2018). The incorporation of the 10-MDP in this materials is 
justified by the reduced ability of silanes to form chemical bonds to zirconia and metal and the 
capacity of the phosphate monomer bonding with a wide range of substrates (Ikemura et al., 
2011). Therefore, they could be used with both glass ceramics and zirconia. However, some 
studies have demonstrated that the association of 10-MDP with silane in a single bottle resulted 
on deactivation of the silanol component present on MPTS molecules and consequently reduced 
the bonding potential with the substrate (Pilo et al., 2018; Yao et al., 2018). Moreover, the effect 
of this primers on glass-ceramic surface properties have not been clarified.  
A new self-etching ceramic primer was also introduced on the market claiming to etch 
and silanize the surface in one step (Volkel & Braziulis, 2015). According to the manufacturer, 
it is composed of tetrabutylammonium dihydrogen fluoride that produces a less aggressive 
etching pattern compared to HF and in conjunction with trimethoxy propyl methacrylate form 
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a strong bond with ceramic surface (Volkel & Braziulis, 2015; Tribst et al., 2018). The 
effectiveness of this product on ceramic-resin cement bond strength is still contradictory (El-
Damanhoury & Gaintantzopoulou, 2018; Lopes et al., 2018; Lyann et al., 2018; Tribst et al., 
2018; Prado et al., 2018) and detailed characterizations are scarce. Besides the advantages of 
the simplified materials, some aspects as the alteration produced on ceramic surface and require 
more investigations.   
Thus, the aim of the present study was to evaluate the effect of different ceramic primers 
and post-silanization protocols on surface energy and morphology of a lithium disilicate glass 
ceramic. Elemental composition and chemical interaction of the silane layer with ceramic 
surface was also analyzed. The null hypotheses tested in this study are that: (1) there are no 
significant differences on surface free energy of ceramics treated with different ceramic primers 
and post-silanization protocols; (2) there are no significant differences on surface morphology 
of ceramics treated with different ceramic primers and post-silanization protocols; (3) the 
composition and chemical interaction of the silane layer is not different among post-silanization 
protocols and ceramic primers.  
 
Materials and Methods 
 
Surface Free Energy (SFE) 
 Ceramic plaques (6x10x2mm) were cut from pre-sintered lithium disilicate CAD/CAM 
blocks (IPS e-max CAD, Ivoclar Vivadent, Schaan, Liechtenstein) using a diamond disk 
mounted in a precision cutting machine (Isomet 1000, Buehler, Lake Bluff, IL) under water 
irrigation. The plaques were fired according to the manufacturer’s recommendations and wet 
polished with 600-grit silicone-carbide abrasive papers (Norton AS, São Paulo, SP, Brazil) in 
automatic polisher (APL4, Arotec, Cotia, SP, Brazil) in order to standardize all surfaces. The 
specimens were ultrasonically cleaned in distilled water for 5 minutes.  
 Specimens were divided in 3 groups according to the ceramic primer used: 1) Silane - 
Rely X Ceramic Primer - RL (3M ESPE, St. Paul, MN, USA); 2) Silane + MDP - Clearfil 
Ceramic Primer Plus - CP (Kuraray Noritake Dental Inc, Sakazu, Kurashiki, Okayama, Japan); 
3) Self-etching ceramic primer - Monobond Etch and Prime - MB (Ivoclar Vivadent, Schaan, 
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Liechtenstein). Materials composition and manufacturer’s recommendation are described on 
Table 1. 
The polished surface of specimens from groups 1 and 2 were etched with 5% 
hydrofluoric acid (Condac Porcelana, FGM, Joinville, SC, Brazil) for 20 seconds. Afterwards, 
they were rinsed with compressed air/water spray for 60 seconds, ultrasonically cleaned in 
distilled water for 5 minutes and dried for 60 seconds.  
Specimens from each group were then distributed into 5 sub-groups according to 
additional protocols after ceramic primer application: a) Treated as recommended by 
manufacturer (no additional step: positive control group - MR), b) MR + additional drying with 
air at room temperature for 30s (RTA), c) MR + additional drying with hot air for 30s (HT) 
applied with a hairdryer (TAIFF, 1300W) at 85ºC and a standard distance of 10cm, d) MR + 
surface rinsing with water at room temperature for 10s and drying with air at room temperature 
for 30s (WT), and e) Specimens were not silanized at all (negative control group-NS). 
Experimental groups are described on Table 2. 
Surface free energy (SFE) was calculated based on contact angle formed by two liquids 
(water and diiodomethane) with different surface tension on the treated ceramic (n=10). A 5µL 
drop of the liquid was calibrated with the aid of a syringe and placed on the ceramic surface. 
After 5 seconds, the static contact angle formed between the liquid and substrate was measured 
using a goniometer coupled to a software (Digidrop Contact Angle Meter; GBX, Bourg de 
Peage, France). Two measurements in different surface areas were performed and an average 
was calculated per specimen. Surface free energy was calculated using the harmonic average 
formula (equations 1 and 2) (Wu, 1973; Dal Piva et al., 2018). Contact angle values and the 
known information related to the liquids (Combe et al., 2004) were replaced into the formulas 
to isolate the dispersive and polar components of the solid. The sum of these components 
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             𝑆𝐹𝐸 =  𝛾𝑆𝑇𝑂𝑇 = 𝛾𝑆𝐷 + 𝛾𝑆𝑃                                      (3)            
 
Where: 𝑐𝑜𝑠𝜃 = cosine of the liquid contact angle: (L1) diiodomethane and (L2) water. 𝛾𝐿𝑇𝑂𝑇 is 
the surface tension of the liquid. 𝛾𝐿𝐷 and 𝛾𝐿𝑃 are the known dispersive and polar components 
of the liquid, respectively. 𝛾𝑆𝐷 and  𝛾𝑆𝑃 are the components of the solid. 
SFE data were not normally distributed. Non-parametric statistical analysis was 
performed (Minitab v17.2.1, Minitab Inc.; State College, PA, USA) using Friedman test 
followed by Wilcoxon post-hoc test. The level of significance was set at α=0.05. The contact 
angle values formed on the treated ceramic surface with water were also statistically analyzed. 
To fulfill parametric analysis requirements, data were transformed using the Box-Cox 
procedure through the estimation of the optimum λ value (0,390121). Normality and 
homoscedasticity were checked out using Anderson-Darling and Barlett tests. Then data were 
analyzed using two-way ANOVA followed by Tukey post-hoc test (α=0.05).  
 
Surface Morphology 
Lithium disilicate ceramic plaques (6x10x2mm) were obtained as described previously 
and treated with the different ceramic primers and post-silanization protocols. The specimens 
were mounted on aluminum stubs, sputter coated with gold-palladium alloy (SCD 050; Balzers, 
Schaan, Liechtenstein) and analyzed under a scanning electron microscope (SEM) (JSM 5600 
LV; JEOL, Tokyo, Japan) operating at 15kV. Surface morphology of the specimens was 
evaluated at 5000x magnification. 
 
X-ray photoelectron spectroscopy (XPS) analysis 
 XPS analysis was used to verify elemental composition of the silane layer and chemical 
bonds formed with the ceramic surface. The analysis was carried out on the Thermo K-Alpha 
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XPS (Thermo Scientific, Inc) with a monochromatic source Al Kα, 1486eV. The energy 
interval was 0 to 1300eV. A pass energy of 200eV was used to the survey scans (long scan) and 
to the high resolution scans (short scan) a pass energy of 50eV was selected. The resolutions 
were 1eV for long scan and 0.01eV for short scan. The different post-silanization protocols 
were evaluated on ceramic treated with RL. CP and MB were used as MR. Analyses were 
performed in two different points per sample for all groups and data were processed using the 
Thermo Scientific™ Avantage Software.  
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Table 1.  List of all materials used and their composition 
 





IPS emax CAD (Ivoclar 
Vivadent – Schaan,  
Lichtenstein)  
V13056 
SiO2 (57-80%wt), Li2O (11-19%wt), K2O (0-
13%wt), P2O5 
(0-11%wt), ZrO2 (0-8%wt), ZnO (0-8%wt), 
Al2O3 (0-5%wt) 




Condac Porcelana 5% 
(FGM – Joinville, Brazil) 
080217 




RelyX Ceramic Primer (3M 
ESPE - St. Paul, USA) 
N662908 
Ethyl alcohol (70-80%wt), water (20-30%wt), 
methacryloxypropyltrimethoxysilane (<2%wt) 
Apply on ceramic surface and gently blow oil free 
air (the drying time was standardized as 5 seconds 




Clearfil Ceramic Primer 
Plus (Kuraray Noritake 
Dental Inc -  Okayama, 
Japan)  
8W0029 
Ethanol (>80%), 3-trimethoxysilylpropyl 
methacrylate (<5%), 10-Methacryloyloxydecyl 
dihydrogen phosphate 
Apply on ceramic surface and blow mild oil-free 
air (the drying time was standardized as 5 seconds 
in the present study). 
Self-etching 
ceramic primer 
Monobond Etch and Prime 
(Ivoclar Vivadent - Schaan, 
Liechtenstein) 
V09353 
Butanol, tetrabutylammonium dihydrogen 
trifluoride, methacrylated phosphoric acid ester, 
bis(triethoxysilyl)ethane, silane methacrylate, 
colourant, ethanol, water 
Actively apply on the ceramic surface for 20s, 
allow to react for 40s, wash it with water and dry 




Table 2. Experimental groups 
 
Primer Silanization protocol 
1) RL – Silane (RelyX Ceramic Primer) 
a) MR – Manufacturer’s recommendation 
b) RTA – MR + additional drying with air at room temperature for 30s 
c) HT – MR + additional drying with hot air for 30s 
d) WT – MR + surface rinsing with water at room temperature for 10s and drying with 
air at room temperature for 30s 
e) NS – Not silanized 
2) CP – Silane + MDP (Clearfil Ceramic Primer) 
a) MR – Manufacturer’s recommendation 
b) RTA – MR + additional drying with air at room temperature for 30s 
c) HT – MR + additional drying with hot air for 30s 
d) WT – MR + surface rinsing with water at room temperature for 10s and drying with 
air at room temperature for 30s 
e) NS – Not silanized 
3) MB – Self-etching ceramic primer (Monobond Etch 
and Prime) 
a) MR – Manufacturer’s recommendation 
b) RTA – MR + additional drying with air at room temperature for 30s 
c) HT – MR + additional drying with hot air for 30s 
d) WT – MR + surface rinsing with water at room temperature for 10s and drying with 
air at room temperature for 30s 





Surface Free Energy  
 Friedman test revealed that the factors “ceramic primer” and “post-silanization 
protocol” were statistically significant (p<0.001). All medians and group comparisons are listed 
on Table 3. RL presented the highest surface free energy among the analyzed ceramic primers, 
followed by CP groups. Regarding post-silanization protocols, not silanized specimes (NS) 
showed the highest SFE values. MR resulted in the highest SFE among the groups that received 
silane application but was not different from HT and WT. RTA presented the lowest SFE but 
was not different from HT and WT.  
 Contact angles formed between water and the treated ceramic surfaces are illustrated on 
Figure 1. Normality (Anderson-Darling, p=0.220) and homoscedasticity (Bartlett, p=0,124) 
were proved. ANOVA revealed that the interaction between the factors “ceramic primer” and 
“post-silanization protocol” was statistically significant (p<0,0001). NS groups presented lower 
contact angles compared to silanized surfaces. Ceramic surfaces treated with MB formed higher 
contact angles compared to CP and RL. The protocols HT and WT increased contact angles on 
specimens treated with RL and CP. Manufacturer’s recommendation (MR) resulted in lower 
contact angles for RL and was not different from not silanized specimens. Different silanization 














Table 3. Surface Free Energy (ɣsTOT in mN/m) median for all tested groups 
 RL CP MB  
NS 65.2 (65.0-65.4) 65.4 (64.8-65.5) 53.7 (51.4-55.0) 62.2 A 
MR 63.0 (61.8-63.7) 59.0 (56.9-60.3) 48.3 (50.5-45.3) 59.0 B 
RTA 62.3 (59.4-63.2) 56.8 (55.7-58.1) 48.3 (49.5-45.8) 56.8 C 
HT 61.8 (60.7-62.3) 58.7 (57.2-60.2) 47.6 (46.8-50.1) 58.7 BC 
WT 61.7 (60.9-62.8) 60.8 (60.2-62.2) 47.0 (45.2-49.4) 60.8 BC 
 62.4 a 59.7 b 48.3 c  
Individual factors (ceramic primer, post-silanization protocols) resulted on statistically significant 
differences. General medians from each level are displayed bellow the names (for ceramic primers) and 
on the right side of the rows (for post-silanization protocols). Minimum and maximum values are 
detailed in parenthesis. Different letter represent statistical differences (capital in column, lower case 
in row). (Wilcoxon p<0.05).  
Protocol abbreviations: NS- Not silanized; MR - Treated as recommended by manufacturer; RTA – MR 
+ additional drying with air at room temperature for 30s; HT – MR + additional drying with hot air for 
30s; WT – MR + additional surface rising with water for 10s and drying with air at room temperature 
for 30s  
 
 




Surface Morphology  
SEM images of the surface morphology produced by the different ceramic primers are 
showed on Figure 2. The polished ceramic presented a homogenous and regular surface without 
pores and defects, but some grooves produced by the silicon-carbide abrasive paper. HF 
resulted on the formation of an irregular surface with homogeneous distributions of 
microporosites and exposition of the elongated crystals. MB applied on polished surface 
produced a less pronounced etching pattern compared to HF with slight alteration of the ceramic 
surface. No difference on surface morphology was noticed after RL application on ceramic 
etched with HF. Conversely, CP application seems to form a layer and reduce the 

















Figure 2. Representative SEM images from the surface morphology produced by the different 
treatments at 5000x magnification: a) polished with #600 grit silicon-carbide abrasive paper 
(PL); b) conditioned with hydrofluoric acid 5% for 20 seconds (HF); c) PL+MB applied as MR; 





X-ray photoelectron spectroscopy (XPS) analysis 
The chemical elements and atomic concentrations present on the treated ceramic 
surfaces were obtained through XPS survey spectra (Table 4). Si 2p was present in all groups, 
but in higher concentrations on ceramic treated with RL compared to CP and MB. P 2p was 
identified on CP and MB groups and F 1s was present on ceramic treated with MB. C 1s 
concentration increased after ceramic primers application, except for the group RL-WT. 
 Figure 3 shows the representative Si 2p high resolution spectra. The control group not 
silanized presented a single spectrum with a peak close to 103.0 eV. RL ceramic primer applied 
with the different post-silanization protocols exhibited similar spectra with peaks close to 102.5 
and 103.2 eV, except to RL-MR that showed a single spectrum similar to NS. Spectra from 
groups CP and MB treated as manufacturer’s recommendation presented peaks ranged from 
102.2 to 103.7eV. O 1s high resolution spectra are exhibited on Figure 4. All analyzed groups 
present a single spectrum, similar to that represented by RL-RTA, with a peak at 532.35±0.2eV. 




Table 4. Elemental composition and atomic concentration (%) obtained from XPS analysis of 
the treated ceramic surface 
 Si 2p O 1s C 1s P 2p F 1s 
RL - NS 24.13 51.04 24.83 - - 
RL - MR 19.35 40.41 40.24 - - 
RL - RTA 16.76 38.72 44.52 - - 
RL - HT 16.46 36.73 46.81 - - 
RL - WT 23.66 48.94 23.66 - - 
CP 9.01 25.17 64.73 1.08 - 









Figure 3. High-resolution XPS Si 2p spectra from treated ceramic surfaces (A) not silanized; 
(B) RL applied following RTA protocol (manufacturer’s recommendation + additional drying 
with air at room temperature for 30s); (C) CP applied following manufacturer’s 
recommendation; (D) MB applied following manufacturer’s recommendation.  
 
Figure 4. High-resolution XPS O1s spectra from treated ceramic surfaces (A) RL applied 
following RTA protocol (manufacturer’s recommendation + additional drying with air at room 





 This in vitro study evaluated the effect of different primers composition and post-
silanization protocols on surface characteristics of a lithium disilicate glass ceramic. Our results 
demonstrated that the primers and application methods significantly influenced surface free 
energy values, reason why the first null hypothesis must be rejected. Although post-silanization 
protocols did not result in alterations on surface morphology, the ceramic primers modified 
surface morphology and thus the second hypothesis must be rejected. Finally, the third 
hypothesis must also be rejected as the analyzed factors resulted in different compositions and 
chemical interactions with ceramic surface.   
Adhesion bonding is dependent on the surface energy and wettability of the adhesive on 
the substrate (Della Bona et al., 2014). At the substrate surface, the energy is higher because 
the outmost atoms are not equally attracted in all directions (Della Bona et al., 2014). A high 
surface energy is desired as it favors the spreading of the adhesive liquid across ceramic surface 
(Inoue et al., 2010). The higher wettability maximize the contact area and attractive forces with 
the substrate, which is an important requirement for a strong adhesion. Surface energy and 
wettability depends on the roughness, chemical composition and hydrophilicity/hydrophobicity 
of the substrate (Matinlinna e Vallittu, 2007; Chen et al 2013) and are easily determined via 
contact angles measurements (Inoue et al., 2010).  
Ceramic surface energy is increased after hydrofluoric acid etching due to the removal 
of the low energy contaminants and higher surface roughness (Marshall et al., 2010; Yoshida 
et al., 2015; Ramakrishnaiah et al., 2016). In the present study, silane application (RL and CP) 
on etched ceramic, resulted on reduction of the surface energy (Table 3). Ceramic surface is 
activated after acid etching and there is an increase on the density of hydroxyl groups (Lung & 
Matinlinna et al., 2012) and surface energy. The high energy of the solid tends to form bonds 
with other atoms that are close to the surface in order to achieve the lowest energy state 
(Matinlinna, 2014). After silane application, the energy balance is modified as MPTS molecules 
will bond to Si-OH reducing the ceramic surface energy.  
MB groups presented the lowest surface free energy regardless of the post-silanization 
protocol. The self-etching primer produced a less pronounced etching pattern compared to 
hydrofluoric acid that was used previously to RL and CP application (Figure 2). The reduced 
roughness might have decrease wettability on MB treated ceramic, being in accordance with 
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previous study (Tribst et al., 2018). Moreover, surface energy is also related to the chemical 
composition of the substrate. Fluoride was identified on MB treated ceramics even after the 
washing protocol recommended for the manufacturer (Tribst et al., 2018.; El-Damanhoury & 
Gaintantzopolou, 2017). The presence of fluoride seems to reduce the wettability of the 
substrate (Baier, 1992), which explain the decreased on SFE values of MB groups compared to 
its control group NS. Ceramic surface of groups CP and RL were etched with hydrofluoric acid 
prior to the application of the primers, but CP groups presented lower surface free energy 
compared to RL. The application of CP produced an alteration on surface morphology 
compared to the etched and RL treated groups (Figure 2). It seems that a layer is formed and 
the microporosites produced by hydrofluoric acid are reduced. MDP molecules might be filling 
surface irregularities formed by acid etching and covering the pendent methacrylate groups of 
the silane that is bonded to the ceramic surface, which can prejudice the bond of silane layer 
with resin cement. The reduction on roughness might have decrease surface free energy on CP 
treated groups.  
Hydrophobicity/hydrophilicity of the silanized ceramic is other important factor that 
influences the wettability of resin cement and is an indicator of the efficacy of silane solution 
(Sattabanasuk et al., 2016). Glass ceramic surfaces present hydrophilic characteristics due to 
the presence of hydroxylation (Brito e Abreu & Skinner, 2012) and result in high wettability of 
silane solution. MPTS reacts with hydroxyl groups on silica surface and with other silanol 
oligomers forming a branched hydrophobic layer (Matinlinna e Vallittu, 2007). The formation 
of this cross-linking structure reduces hydrolytic degradation of the silane layer and enhance 
the penetration of the hydrophobic luting cement into microporosities of the conditioned 
ceramic surface, facilitating mechanical interlocking (El-Damanhoury & Gaintantzopolou, 
2017; Sattabanasuk et al., 2016). The quality of this layer is not only influenced by the 
specifications and composition of primer solution, but also depend on the method of application 
(Queiroz et al., 2012). Post-silanization protocols might remove solvents and contaminants in 
order to increase cross-linking bonds and the available sites on for silane to react with ceramic 
surface. 
Our results demonstrated that in general the different post-silanization protocols resulted 
in similar SFE. However, for RL and CP primers the application of a hot stream air (HT) and 
washing the silanized surface with water at room temperature (WT) resulted on a more 
hydrophobic layer with an increase on water contact angles (Figure 1). This is an indicative that 
the hydrophilic portion (Si-OH) of MPTS molecules formed Si-O-Si bonds with lithium 
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disilicate surface or with other silane molecules (Chen et al., 2013) converting the hydrophilic 
glass ceramic surface into a hydrophobic one (Sattabanasuk et al., 2016). Otherwise, MR 
protocol used on RL resulted in lower contact angles with water, indicating that limited or no 
chemical bonding to the substrate surface is present (Chen et al., 2013). This probably occurred 
due to the higher water content on RL solutions, which requires longer drying times to be 
removed, compared to the ethanol present on CP that is easily volatilized. Different application 
protocols resulted on similar ceramic hydrophobicity when MB was used. The manufacturer 
recommend that after the application, the product must let be in contact with ceramic surface to 
sufficient reactions occurs and then be washed with water (Volkel & Braziulis, 2015). This step 
is required to remove the acid etchant and reaction products from the material surface and leave 
a thin layer of silane that is chemically bond with ceramic surface. It seems that the water is 
being effective in removing residuals and an additional treatment might not be necessary with 
this primer. 
Survey spectra of XPS analysis revealed the presence of F 1s on MB treated specimen 
(Table 4). This is in accordance with previous studies that identified fluoride even after the 
ceramic surface has been washed, as recommended by the manufacturer (El-Damanhoury & 
Gaintantzopolou, 2017; Murillo-Gómez et al., 2018). F could be present as silica-fluoride salts 
formed after the reaction of MB with the glassy phase or trapped within the silane layer (El-
Damanhoury & Gaintantzopolou, 2017). However, the significance of this residue is still not 
clear. Our results demonstrated that F 1s presented a component peak close to 686.4±0.1eV that 
can be attributed to fluoro(diethoxy)phosphine (Fluck e Weber, 1974). It seems that fluorine 
remain trapped within the silane layer and as a result, there is an increase in hydrophobicity and 
hydrolytic stability of the interface ceramic-resin cement, which might explain the positive 
performance of MB on the current study (Nihei et al., 2002; Yang et al., 2017).  As expected, 
Si was present in all experimental groups, but with a lower atomic concentration on MB and 
CP treated ceramics.  
In high resolution Si 2p XPS spectra (Figure 3), the binding energy is sensitive to the 
number of O atoms bonded to Si, allowing the differentiation between Si in the SiO2 substrate 
and Si bonded to the silica surface (Shirclif et al., 2013; O’Hare et al., 2004; Alfonsetti et al., 
1993). The Si(-O)3 component peak corresponds to the silane molecule bonded to the silica 
surface and is observed at 102.1±0.2eV. Moreover, Si in the SiO2 substrate has a Si(-O)4 
binding energy around 103.0±0.2eV (Shirclif et al., 2013). All silanized groups, except RL-
MR, presented spectra with both component peaks Si(-O)3 and Si(-O)4, indicating the presence 
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of siloxane bonds between silane and ceramic surface. RL-MR presented a single spectrum, 
similar to the group NS, correspondent to Si(-O)4. This finding reinforces the results of water 
contact angles for RL-MR in which the higher hydrophilicity might be an indicative of limited 
bonds formed with ceramic surface. The component peak at an energy binding ⁓532.0eV on 
O1s high resolution spectra (Figure 4) corresponds to the O signal from the Si-O-Si silica 
substrate and was presented in all analyzed groups (Shirclif et al., 2013). On the CP treated 
ceramic, an additional component peak at ⁓533.0eV was identified and is attributed to 
physisorbed water on the substrate surface (Shirclif et al., 2013). The water might have been 
identified on CP treated specimen due to the presence of MDP that might be hindering the 
elimination of solvents and other byproducts (Murillo-Gomez & Goes, 2014). 
  The association of different factors might influence the wettability of resin cement and 
the generation of a strong bond between ceramic and resin cement. Our findings suggest that 
siloxane bonds are effectively formed on lithium disilicate ceramic surface with all analyzed 
primers. However, the use of additional protocols as HT and WT to the manufacturer’s 
recommendations seems necessary when RL and CP primers are used. Further researches might 
confirm the extent of these findings on mechanical long-term evaluations.  
 
Conclusions 
Within the limitations of this in vitro study, the following conclusions must be drawn: 
1- The application of silane (RL) resulted in the highest surface free energy and presented 
surface morphology similar to not silanized (NS) group;  
2- Self-etching ceramic primer (MB) presented the lowest surface free energy, but 
hydrophobic surface characteristics; 
3- Water rising (WT) and heat treatment (HT) protocols should be used with silane (RL) 
and silane+MDP (CP) solutions; 
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2.2 Artigo: Effect of different silanization protocols and thermocycling on lithium 
disilicate bond strength 
 
Abstract 
Objective: Evaluate the effect of different silanization protocols on tensile bond-strength 
between resin cement and lithium disilicate ceramic before and after thermocycling. 
Methods: Lithium disilicate ceramic (IPS e-max CAD) beams (1.3x1.3x4mm) were etched with 
5% hydrofluoric acid for 20s and silanized with RelyX Ceramic Primer (3M ESPE). The beams 
were divided into 5 groups (n=40) according to silanization protocols: a) treated as 
recommended by manufacturer (MR), b) Drying with air at room temperature for 30s (RTA), 
c) Drying with hot air for 30s (HT), d) Rinsing with water at room temperature for 10s and 
drying with air at room temperature for 30s (WT), and e) Specimens were not silanized at all 
(NS). The resin cement Rely X Ultimate (3M ESPE) was applied with a microbrush on ceramic 
surface and light cured for 20s. Specimens were placed in a silicon mold (1.3x1.3x 8mm) and 
the remaining empty space was filled with resin composite (Filtek Bulk Fill Flow). Specimens 
were stored in deionized water at 37oC for 24h and half of the beams (n=20) was submitted to 
10.000 thermal cycles between 5oC and 55oC. After the storage time (24h) and thermocycling 
specimens were submitted to tensile bond strength test (TBS). Data were analyzed using 
ANOVA and Tukey test (α=0.05). Failure patterns were analyzed using scanning electron 
microscopy. 
Results: The interaction between the factors “silanization protocol” and “thermocycling” was 
significant (p<0.001). NS resulted in the lowest TBS regardless of the aging analysis. At 24h, 
MR presented the lowest TBS among the groups that received silane application, but was not 
different from RTA. There was a reduction on TBS for all groups after thermocycling and some 
pretesting failures occurred. After thermocycling, the groups that received silane did not differ 
among themselves, except for HT that presented the highest TBS values.  
Significance: Heat treatment protocol presented better performance after thermocycling. 
Thermocycling negatively affect ceramic/resin cement bond strength regardless of the protocol 
used.  






 In recent years, ceramic materials have been widely used in dentistry due to 
characteristics as chemical stability, mechanical properties and aesthetic (Li et al., 2014). 
However, the clinical success of these indirect restorations depends on a strong bond between 
resin cement and ceramic (Matinlinna et al., 2018; Baratto et al., 2015). The treatment of 
ceramic surface is necessary in order to activate this substrate for a durable adhesion. Different 
strategies are proposed and the standard protocol used to glass ceramics is based on hydrofluoric 
acid etching followed by the application of a silane coupling agent (Matinlinna et al., 2018; 
Yoshihara et al., 2016). Hydrofluoric acid reacts with the glass phase and creates 
microporosities that favors mechanical interlocking, it also increases the ceramic surface energy 
and the density of hydroxyl groups (Lung e Matinlinna, 2012). On the other hand, silane 
provides chemical interaction between silica-based ceramics and resin cement (Yao et al., 
2018).  
 Silane coupling agents have been used in dentistry since 1977 (Eames et al., 1977) and 
the most common type is ɣ-methacryloxypropyltrimethoxysilane (MPTS). It is a bifunctional 
molecule with one hydrolysable functional end that reacts towards silica present on glass 
ceramic surface and an organic group bonding to adhesive and/or resin cement (Yoshihara et 
al., 2016). In order to act as a coupling agent, silane must first be hydrolyzed. In aqueous 
solution, the alcoxy groups (-O-CH3) reacts with water to form silanol groups (-Si-OH) 
(Matinlinna et al., 2004). The silanol undergo to condensation reaction with hydroxyl groups 
present on the substrate, resulting in strong siloxane (Si-O-Si) bond and releasing water as a 
byproduct (Matinlinna et al., 2018). Silane molecules also react with themselves forming a 
hydrophobic tridimensional layer (Antonucci et al., 2005). The generation of this water-
resistant, cross-linking siloxane phase is crucial to the formation of a hydrolytically stable bond 
between resin cement and ceramic (Lung e Matinlinna, 2012).  
 A number of factors might influence the effectiveness of silane and the structure of the 
layer that is formed on ceramic surface (Antonucci et al., 2005). After hydrolysis, self-
condensation starts to occur between MPTS molecules in the solution forming Si-O-Si 
oligomers that are not able to bond to substrate surface (Lung e Matinlinna, 2012). Therefore, 
the ideal moment for chemical interaction of silane with ceramic is after hydrolysis and before 
self-condensation, because high levels of condensation present detrimental effects adhesion 
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promoting capability (Abel et al., 2006; Tesoro e Wu, 1991). Characteristics of solution 
compositions such as silane molecular structure, its concentration, pH and solvent system have 
direct influence on hydrolysis and self-condensation rates (Antonucci 2005; Lung & 
Matinlinna, 2012; Matinlinna et al., 2018) and consequently on the layer that is formed.   
The method of silane application might also influence ceramic-resin cement bonding. 
The complete elimination of water, alcohol and other products increase the bond sites available 
for silane to react with ceramic surface (Shen et al., 2004) and this is fundamental to the 
development of a strong and long-lasting bonding between ceramic and resin cement. The main 
alternative evaluated to improve silane performance is the use of heat treatment, but the benefits 
of this protocol is not a consensus (Yavuz & Eraslan, 2016; Queiroz et al., 2012; Carvalho et 
al., 2011; Monticelli et al., 2006) and long-term evaluations are scarce. Moreover, the use of 
heat treatment is not always feasible on clinical practice and alternatives should be found. 
Thus, the aim of the present study was to evaluate the effect of different silanization 
protocols on tensile bond-strength between resin cement and lithium disilicate ceramic before 
and after thermocycling. The null hypotheses tested in this study are that (1) there are no 
significant differences on ceramic bond strength submitted to different silanization protocols; 
(2) there are no significant differences on tensile bond strength before and after thermocycling. 
 
Material and Methods 
 
Tensile bond strength (TBS)   
 Pre-sintered lithium disilicate CAD/CAM blocks (IPS e-max CAD, Ivoclar Vivadent, 
Schaan, Liechtenstein) were cut with a diamond disk in a low-speed device (Isomet 1000, 
Buehler, Lake Bluff, IL) under water irrigation. Bars (1.3x1.3x4mm) were obtained and fired 
according to the manufacturer’s recommendations. One extremity of each bar was manually 
polished with 600-grit silicone-carbide abrasive papers (Norton AS, São Paulo, SP, Brazil) to 
regularize the surfaces. The specimens were ultrasonically cleaned in distilled water for 5 
minutes. 
 The polished extremities of the bars were etched with 5% hydrofluoric acid (Condac 
Porcelana, FGM, Joinville, SC, Brazil) for 20 seconds. Afterwards, they were rinsed with 
compressed air/water spray for 60 seconds, ultrasonically cleaned in distilled water for 5 
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minutes and dried for 60 seconds. Silane RelyX Ceramic Primer - RL (3M ESPE, St. Paul, MN, 
USA) was used and the manufacturer’s recommendation is that this material should be applied 
on an etched surface and gently blow oil-free air across the surface. In the present study this 
drying time was standardized as 5 seconds. The specimens were divided into 5 groups according 
to the silanization protocol employed (n=40): a) Treated as recommended by manufacturer (no 
additional step: positive control group - MR), b) Drying with air at room temperature for 30s 
(RTA), c) Drying with hot air for 30s (HT) applied with a hairdryer (TAIFF, 1300W) at 85ºC 
and a standard distance of 10cm, d) Surface rinsing with water at room temperature for 10s and 
drying with air at room temperature for 30s (WT), and e) Specimens were not silanized at all 
(negative control group-NS). Materials composition are described on Table 1. 
A schematic representation of TBS testing set-up is presented on Figure 1. A thin layer 
of RelyX Ultimate resin cement (3M ESPE, Neuss, Germany) was applied with a microbrush 
on the treated ceramic surface. The resin cement was light cured for 20s (Bluephase, Ivoclar 
Vivadent) with 1100mW/cm² of irradiance. Specimens were placed in a silicon mold 
(1.3x1.3x8mm) and the remaining empty space was filled with resin composite (Filtek Bulk 
Fill Flow, 3M ESPE, St. Paul, MN, USA). A polyester strip and a 1mm glass slide were placed 
over the set and the resin composite was light cured for 20s. After the photoactivation, the bars 
were remove from the mold and an additional light cured for 20s on the opposite side was 
performed. The specimens were gently polished with 600-grit silicone-carbide abrasive papers 
in order to remove any excess of resin composite at the interface. All bars were verified with a 
magnifying glass and the cross-sectional area was measured with a digital caliper (Mitotoyo 
Corporation, Tokyo, Japan). 
 Specimens were stored in deionized water at 37oC for 24h (n=40 for each group). Half 
of the beams (n=20) was submitted to 10.000 thermal cycles between 5oC and 55oC (MSCT 3, 
Marnucci ME, São Carlos, Brazil), with a time of 30 seconds at each temperature.  
 After the storage time (24h) and thermocycling, specimens were attached to a tensile 
device with cyanoacrylate glue (Super Bonder Locite, Henkel) maintaining the adhesive 
interface free. It was coupled to a testing machine (EZ Test, EZS, Shimadzu, Tokyo, Japan) and 
the test was performed at a crosshead speed of 0.5mm/min until failure. Tensile bond strength 
was calculated in Megapascal through the division of the failure value (Newton) by the 




Fracture Analysis  
 The fractured specimens were coated with gold (SCD 050; Balzers, Schaan, 
Liechtenstein) and analyzed under a scanning electron microscope (SEM) (JSM 5600 LV; 
JEOL, Tokyo, Japan) operating at 15 kV. Failure modes were classified as: adhesive (between 
resin cement and ceramic), cohesive in the resin cement, cohesive in the ceramic and mixed 
(involving various patterns).  
 
Statistical Analysis 
 To fulfill parametric analysis requirements, data were transformed using the Box-Cox 
procedure. Normality and homoscedasticity were checked out using Anderson-Darling and 
Bartlett tests. Then the results were statistically analyzed using two-way ANOVA followed by 
Tukey post-hoc test (α=0.05) (Minitab v17.2.1, Minitab Inc.; State College, PA, USA). Pre-
testing bond failures were not considered on the statistical analysis. 
 
 










Table 1 – List of all materials used and their composition 
Material Manufacturer Lot.  Composition 
Lithium disilicate 
reinforced glass ceramic 
IPS emax CAD (Ivoclar 
Vivadent – Schaan,  
Lichtenstein)  
V13056 
SiO2 (57-80%wt), Li2O (11-19%wt), K2O (0-13%wt), P2O5 
(0-11%wt), ZrO2 (0-8%wt), ZnO (0-8%wt), Al2O3 (0-5%wt) 
MgO (0-5%wt), colouring oxides (0-8%wt) 
Hydrofluoric Acid 
Condac Porcelana 5% (FGM – 
Joinville, Brazil) 
080217 Hydrofluoric acid 5%, water, thickener, surfactant, colourant 
Silane 
RelyX Ceramic Primer (3M 
ESPE - St. Paul, USA) 
N662908 
Ethyl alcohol (70-80%wt), water (20-30% wt), 
methacryloxypropyltrimethoxysilane (<2%wt) 
Resin cement 




Base paste: Methacrylate monomers, radiopaque, silanated fillers, 
initiator components, stabilizers, rheological additives 
Catalyst paste: Methacrylate monomers, radiopaque alkaline (basic) 
fillers, initiator components, stabilizers, pigments, rheological additives, 
fluorescence dye, dark cure activator for Scotchbond Universal adhesive 
Resin composite 
Filtek Bulk Fill Flow (3M ESPE 
- St. Paul, USA) 
1723800334 / 
Universal shade 
Silane treated ceramic (50-60%wt); Diurethane Dimethacrylate (UDMA) 
(10-20%wt); Substituted Dimethacrylate (10-20%wt);  Bisphenol-A 
Polyethylene Glycol Diether Dimethacrylate (BISEMA-6) (1-10%wt);  
Ytterbium Fluoride (YbF3) (1-10%wt); Bisphenol-A Diglycidyl Ether 
Dimethacrylate (BISGMA) (1-10%wt);  Benzotriazol (<1%wt); 
Triethylene Glycol Dimethacrylate (TEGDMA) (<1%wt);  Ethyl 4-





Normality (Anderson-Darling test: p>0.05) and homoscedasticity (Bartlett test: 
p=0.433) were confirmed. ANOVA revealed that the interaction between the factors 
“silanization protocol” and “thermocycling” was significant (p<0.001). Tensile bond strength 
data are exhibited on Table 2. NS resulted in the lowest TBS regardless of the aging analysis. 
At 24h, HT presented the highest TBS values, but was not statistically different from WT. MR 
presented the lowest TBS among the groups that received silane application, but was not 
different from RTA. There was a reduction on TBS for all groups after thermocycling and some 
pretesting failures occurred. After thermocycling, the groups that received silane did not differ 
among themselves, except for HT that presented the highest TBS values. 
Failure mode prevalence is summarized on Figure 2. In general, a high prevalence of 
mixed and/or cohesive in cement failures was recorded for 24h for all tested groups, except to 
NS. After thermocycling, adhesive failures were more frequently, except to HT group. 






















Different letter represent statistical differences (capital in column, lower case in row). (Tukey test, p<0.05). 
Abbreviations: NS- Not silanized; MR - Treated as recommended by manufacturer; RTA – MR + additional drying with air at room temperature 
for 30s; HT – MR + additional drying with hot air for 30s; WT – MR + additional surface rising with water for 10s and drying with air at room 
temperature for 30s   
 
 NS MR RTA HT WT 
24h 
13.3 (3.2) Ad 
ptf: 0/20 
30.7 (3.4) Ac 
ptf: 0/20 
34.7 (3.8) Abc 
ptf: 0/20 
39.5 (3.5) Aa 
ptf: 0/20 
38.1 (3.6) Aab 
ptf: 0/20 
Thermocycling 
8.4 (2.3) Bc 
ptf:3/20 
11.2 (2.2) Bb 
ptf: 3/20 
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Figure 3. Representative SEM micrographs of the adhesive failure mode (extracted from RTA 
– thermocycling group). Paired images (AB) represent the two debonded surfaces of the same 
stick (A) on ceramic side and (B) on resin composite. Images C and D demonstrate the circled 
areas highlighted on A and B respectively at higher magnification (2000x). Parts of the 
morphology of the etched surface are exposed (arrow) and part partially filled on ceramic 
surface (C) while a continuous resin cement layer and some filler particles (arrow) are presented 





















Figure 4. Representative SEM micrographs of the mixed failure mode (extracted from HT group 
tested at 24h) Paired images (AB) represent the two debonded surfaces of the same stick (A) 
on ceramic side and (B) on resin composite. Images C and D demonstrate the circled areas 
highlighted on A and B respectively at higher magnification (400x). They present uniform areas 
of adhesive debonding associated with an irregular pattern within the fractured resin cement 















Figure 5. Representative SEM micrographs of cohesive in resin cement failure mode (extracted 
from HT group tested at 24h). Paired images (AB) represent the two debonded surfaces of the 
same stick (A) on ceramic side and (B) on resin composite. Images C and D demonstrate the 
circled areas highlighted on A and B respectively at higher magnification (1000x). A continuous 


















 This in vitro study evaluated the influence of different silanization protocols on resin 
cement-glass ceramic bond strength before and after thermocycling. Our results demonstrated 
that silanization protocols influence tensile bond strength values, reason why null hypotheses 
#1 must be rejected. Moreover, thermocycling significantly decreased tensile bond strength and 
consequently the #2 null hypothesis must also be rejected.  
Tensile bond strength test was used to evaluate the bond effectiveness of silanization 
protocols as it provides a more uniform stress distribution at the adhesive interface compared 
to shear bond strength test (Della Bona & Van Noort, 1995). The beams were individually built 
up with resin composite in order to avoid additional stress at the interface caused by diamond 
disks used on traditional cut technique. Our results demonstrated that NS groups presented the 
lowest TBS values regardless of the aging period analyzed and it was accompanied with the 
higher prevalence of adhesive failure mode. This is accordance with previous studies (Nagai et 
al., 2005; Panah et al., 2008) and reinforce the well established protocol of glass ceramic surface 
treatments which recommend that the micromechanical attachment produced after hydrofluoric 
acid etching must be associated with chemical bond formed with silane coupling agents for a 
stronger and durable adhesion (Tian et al., 2014; Lung e Matinlinna, 2012; Vargas et al., 2011).  
 The effectiveness of the silane does not only depends on the specifications of the 
coupling agent solution such as concentration, pH, solvent system and hydrolysis rate (Queiroz 
et al., 2012; Matinlinna et al., 2018), but the method of application also have a significant effect 
on ceramic-resin cement strength (Roulet et al., 1995; Barghi et al., 2000). On the present study, 
the use of a hot stream air (HT group) produced the higher TBS values, which is in accordance 
with previous investigations (Baratto et al., 2015; Queiroz et al., 2012; Fabianelli et al., 2010; 
Shen et al., 2004; Barghi et al.,2000). The improvement in tensile bond strength after heat 
treatment of the silanized ceramic might be related to the elimination of the water formed during 
condensation reaction, solvents and contaminants that might remain in the silane layer (Roulet 
et al., 1995; Barghi et al., 2000). The removal of these residuals increase the number of 
accessible sites on ceramic surface for reactions with MPTS molecules (Shen et al., 2004). 
Moreover, warm-air drying might promote the formation of chemical bonds not only with the 
ceramic but also within the silane compounds, allowing the formation of a cross-linking layer 
that is hydrolytically more stable (Roulet et al., 1995; Barghi et al., 2000; Baratto et al., 2015).  
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 Despite of the results obtained with HT protocol, the use of heat treatment is not always 
feasible for clinical practice mainly for chairside ceramic repair and one alternative method of 
washing the silanized surface with water at room temperature was proposed on the present 
study. Our results demonstrated that WT protocol was not statistically different from HT at 24h. 
It is suggested that after silane application, an interphase with different structures is formed. 
The outermost layer consists of oligomers physisorbed to the ceramic surface and might be 
detrimental for the bonding process. These oligomers can be washed away with organic solvents 
or water at room temperature (Plueddemann, 1970; Koening, 1985; Hooshmand et al., 2002) 
leaving an innermost layer chemically bonded to the ceramic and with a regular three 
dimensional network (Koening 1985; Hooshmand 2002, Baratto et al., 2015). Moreover, MR 
and RTA presented the lowest TBS at 24h, although RTA was not significantly different from 
WA. It probably occurs due to the incomplete solvent evaporation. The temperature and 
duration of the drying step might influence the structure that is formed. It has been demonstrated 
that the higher the temperature the more water should evaporate from the film (Bertelsen, 2001). 
Aging methods used in laboratorial studies are important to simulate oral environment 
conditions and evaluate the long-term behavior of the materials. Thermocycling is a commonly 
aging method (Gale e Darvell, 1999; Lyann et al., 2018; Pilo et al., 2018; Tanimura, 2017) and 
the alternation of the specimen between 5 and 55ºC introduces stress into the system due to a 
mismatch of the coefficient of thermal expansion of the materials (Hooshmand et al., 2002). 
The number of cycles used is highly variable among the investigations (Magne et al., 2018; 
Lyann et al., 2018; Pilo et al., 2018). On the present study, 10.000 cycles were used as it is 
correlate with approximately one year of clinical service (Gale e Darvell, 1999). The results 
demonstrated a substantial reduction on TBS values for all analyzed groups after 
thermocycling, with the occurrence of some pre testing failures (Table 2). This reduction was 
accompanied with an increase on the adhesive mode of failure, excepted for HT groups (Figure 
2). The thermocycling induces a mechanical stress on silane layer due to the differences on 
coefficient of thermal expansion of resin cement and ceramic (Magne et al., 2018). Moreover, 
when molecules of water are in contact with silane layer, the siloxane bonds become vulnerable 
to hydrolysis (Antonucci et al., 2005). Thus, the lower TBS values might have occurred due to 
synergic action of hydrolytic degradation and thermal stress into the small interface area of the 
stick. 
After thermocycling WT presented lower TBS values compared to HT and was not 
different from MR and RTA. Although washing the surface might remove any excess of silane 
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or non-covalently bonded layers, the following drying time that was applied might not be have 
been enough to completely remove the excess of water, reducing the formation of the cross-
linking structure that occurs on HT groups. This three-dimensional condensation is important 
as it connect the silane molecules more extensively, increasing the number of siloxane bonds 
that are formed per MPTS molecule (Lung e Matinlinna, 2012). Although siloxane bonds are 
easily hydrolyzed, (Plueddemann, 1991; Antonucci et al., 2005), if silanol groups had formed 
the maximum bonds as possible, the probability of all bonds hydrolyze simultaneously is remote 
(Plueddemann, 1991). Moreover, the penetration of water molecules into this silane layer 
become more difficult as the degree of the cross-linking siloxane network increases.  (Lung e 
Matinlinna, 2012; Chua et al., 1992) and consequently the hydrolytic degradation is minimized.  
 Silane application is a necessary step in the cementation of ceramic restorations in order 
to provide a proper bond with resin cement. The application protocol of this material 
significantly influence its performance. Our findings suggest that the use of additional protocols 
to the manufacturer recommendations result in a stronger bond. Moreover, thermocycling 
reduced tensile bond strength values. However, in the present study only one silane solution 
was evaluated. Further researches might investigate the effect of the silanization protocol on 




 Within the limitations of this in vitro study, the following conclusions must be drawn: 
1- Heat treatment protocol presented the better performance on the studied experimental 
conditions after termocycling; 
2- Thermocycling negatively affect ceramic/resin cement bond strength regardless of the 
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 Os primers cerâmicos avaliados produziram diferentes morfologias e energia de 
superfície. O condicionamento com ácido fluorídrico seguido da aplicação do silano RL 
resultou em maior energia de superfície, enquanto o primer autocondicionante MB apresentou 
os menores valores. A energia de superfície de um substrato pode ser influenciada por diversos 
fatores como rugosidade e composição química (Matinlinna & Vallittu, 2007). No presente 
estudo, o primer autocondicionante (MB) produziu um padrão de condicionamento mais suave, 
com menor dissolução da fase vítrea e consequentemente menor quantidade de 
microporosidades, quando comparado com o ácido fluorídrico que foi utilizado previamente à 
aplicação do RL e CP (Artigo 1 – Figura 2). Esse resultado está de acordo com estudos prévios 
(Lyann et al., 2018; Wille et al., 2017) e pode ser explicado pela composição química do 
material que possui um composto à base de polifluoreto de amônio e tem um efeito menos 
agressivo quando comparado ao ácido fluorídrico (Volkel & Braziulis 2015). Essa menor 
rugosidade produzida pelo MB pode ter reduzido o molhamento na superfície da cerâmica 
(Tribst et al., 2018) e consequentemente resultado em menores valores de energia de superfície. 
Além disso, a presença de flúor foi identificada nas superfícies tratadas com MB mesmo após 
o procedimento de lavagem recomendado pelo fabricante (Artigo 1 – Tabela 4) (Tribst et al., 
2018.; El-Damanhoury & Gaintantzopolou, 2017). Tem sido relatado que o flúor reduz o 
molhamento do substrato (Baier, 1992), o que explicaria os menores valores de energia de 
superfície nos grupos tratados com MB comparado com seu grupo controle que foi apenas 
polido com lixas de carbeto de silício.  
 Os grupos tratados com CP apresentaram menores valores de energia de superfície 
comparados ao RL. Apesar do condicionamento ácido prévio com ácido fluorídrico, a aplicação 
do CP produziu uma alteração na morfologia de superfície comparado ao RL e a superfície 
apenas condicionada (Artigo 1 – Figura 2). Uma película foi formada e as microporosidades 
produzidas pelo ácido fluorídrico foram reduzidas. As moléculas de MDP podem estar 
preenchendo as irregularidades formadas pelo ácido e cobrindo grupamentos metacrilatos 
pendentes do silano que está ligado à superfície da cerâmica, o que pode ser prejudicial a união 
do silano com o cimento resinoso. A redução da rugosidade pode ter diminuído a energia de 




 A presença de ligações das moléculas de silano com as hidroxilas da superfície da 
cerâmica foi identificada para todos os primers avaliados (Artigo 1 – Figura 3). No entanto, a 
quantidade de ligações formadas, bem como o mapeamento das mesmas na superfície da 
cerâmica não foram determinadas no presente estudo. A quantidade de ligações pode 
determinar o desempenho clínico e a durabilidade da união entre a camada de silano e cimento. 
Além disso, no grupo tratado com CP foi detectada a presença de água (Artigo 1 – Figura 4). 
As moléculas de MDP presentes no CP podem estar dificultando a eliminação da água (Murillo-
Gomez & Goes, 2014), que pode resultar em menor quantidade de sítios de ligação disponíveis 
com a cerâmica, além de aumentar a hidrólise das ligações siloxanas.  
 Além da composição dos primers cerâmicos, o protocolo de silanização pode influenciar 
a estrutura da camada e ligações formadas entre silano e cerâmica. No presente estudo, os 
diferentes métodos de aplicação não produziram diferenças na morfologia e energia de 
superfície. No entanto, a hidrofobicidade/hidrofilicidade da cerâmica silanizada é um fator 
importante a ser analisado pois influencia o molhamento do cimento resinoso e é um indicador 
da eficácia e ligação da solução do silano (Sattabanasuk et al., 2016). A aplicação de um jato 
de ar quente com secador (HT) e lavagem da superfície silanizada com água a temperatura 
ambiente (WT) resultaram em uma camada mais hidrofóbica com maiores valores de ângulo 
de contato formados com a água (Artigo 1 – Figura 1). O aumento nos valores de ângulo de 
contato com a água é um indicativo de que a porção hidrofílica das moléculas de silano (Si-
OH) formou ligações siloxanas (Si-O-Si) com a superfície da cerâmica ou com outras moléculas 
de silano, (Chen et al., 2013) deixando livre a terminação metacrilato e dessa forma tornando a 
superfície da cerâmica mais hidrofóbica (Sattabanasuk et al., 2016). Por outro lado, a aplicação 
de um leve jato de ar recomendado pelo fabricante (MR) no RL resultou em menores ângulos 
de contato com a água, indicando que limitada ou nenhuma união química com a superfície do 
substrato está presente (Chen et al., 2013). Isso pode ter acontecido por causa do maior conteúdo 
de água presente na composição do RL, que requer maiores tempos de secagem para ser 
removida comparada ao etanol presente no CP que é volatilizado mais facilmente. Diferentes 
protocolos de aplicação resultaram em similares ângulos de contato formados com a água 
quando o MB foi utilizado. O fabricante recomenda que após aplicação, o produto deve ser 
deixado em contato com a superfície da cerâmica para que as reações aconteçam e então deve 
ser lavado com água (Volkel e Brazilius, 2015). Essa etapa é necessária para remover o ácido 
e subprodutos da reação da superfície do material e ao mesmo tempo deixar uma fina camada 




efetiva na remoção de resíduos e um tratamento adicional da superfície silanizada não é 
necessária. 
O efeito dos diferentes protocolos de silanização foi analisado quimicamente em 
amostras que receberam a aplicação do silano RL. O espectro de alta resolução Si 2p (Artigo 1 
– Figura 3) permite a diferenciação entre o Si presente no substrato (SiO2) e o Si ligado à 
superfície da cerâmica pelo número de átomos de O ligados ao Si (Shirclif et al., 2013; 
Alfonsetti et al., 1993). O componente Si(-O)4 corresponde ao Si presente no substrato enquanto 
o Si(-O3) representa a molécula de silano ligada a superfície da cerâmica (Shirclif et al., 2013). 
Todos os grupos que receberam aplicação do silano RL, exceto a amostra MR, apresentaram 
espectros com ambos os componentes Si(-O)4 e Si(-O)3, indicando a presença de ligações 
siloxanas entre o silano e a superfície da cerâmica. A aplicação do silano seguindo as 
recomendações do fabricante (MR) apresentou um espectro único correspondente ao Si(-O)4, 
similar à amostra não silanizada. Esses dados corroboram com os resultados de ângulo de 
contato para o grupo MR e é um indicativo de que limitadas ligações químicas são formadas 
com a superfície da cerâmica e protocolos alternativos devem ser empregados para completa 
eliminação do solvente.  
 Os resultados de resistência de união (TBS) utilizando RL ceramic primer seguindo 
diferentes protocolos de silanização demonstraram que na análise de 24h, os protocolos WT e 
HT apresentaram os maiores valores de resistência de união (Artigo 2 – Tabela 2). Esse aumento 
na resistência de união pode estar relacionado a eliminação de água, solventes e contaminantes 
que podem permanecer na camada do silano (Roulet et al., 1995; Barghi et al., 2000). A 
remoção desses resíduos aumenta o número de sítios disponíveis na superfície da cerâmica para 
ligação com as MPTS (Shen et al., 2004), além de possibilitar a formação de ligações químicas 
entre as moléculas de silano, formando uma camada com ligações cruzadas que é 
hidroliticamente mais estável (Roulet et al., 1995; Barghi et al., 2000; Baratto et al., 2015). Já 
o grupo MR resultou na menor (TBS), mas não foi diferente de RTA. Isso provavelmente 
aconteceu devido a uma evaporação incompleta do solvente e reforça os achados do ângulo de 
contato com a água (Artigo 1 – Figura 1).  
 Após a termociclagem, houve uma redução significativa da TBS para todos os grupos 
avaliados, com a ocorrência de algumas falhas pré-teste (Artigo 2 – Tabela 2) e um aumento no 
modo de falha adesiva (Artigo 2 – Figura 2). Essa diminuição da resistência de união pode ter 
acontecido devido a tensão mecânica gerada pela diferença do coeficiente de expansão térmica 




área do palito. Apesar de uma diminuição geral, HT manteve maiores valores de TBS enquanto 
WT não foi diferente de RTA e WT. O protocolo de lavagem com água a temperatura ambiente 
pode ter sido eficaz em remover contaminantes, excesso de silano e camadas que não estão 
unidas por meio de ligações covalentes. No entanto, a secagem com ar a temperatura ambiente 
que sucedeu a lavagem, pode não ter sido suficiente para remover completamente o excesso de 
água, reduzindo a formação de ligações cruzadas assim como provavelmente ocorre nos grupos 
HT.  
 A associação de diferentes fatores pode influenciar o molhamento do cimento resinoso 
e a geração de uma união forte e estável entre cerâmica e cimento. Nossos resultados 
demonstraram que os primers cerâmicos apresentaram diferentes desempenhos de acordo com 
as variáveis analisadas. No entanto, a formação de ligação química com a superfície da cerâmica 
foi identificada para todos os primers. O protocolo de aplicação parece não ter influência 
quando o MB é utilizado, mas para o CP e RL a utilização de lavagem com água a temperatura 
ambiente (WA) ou uso de jatos de ar quente (HT) podem ser recomendados na prática clínica. 
Após a termociclagem, os valores resistência de união diminuíram para todos os protocolos de 
aplicação quando o RL foi utilizado. Entretanto, outros aspectos precisam ser esclarecidos como 
a quantidade distribuição das ligações químicas, o efeito dos protocolos de aplicação na 
resistência de união cerâmica-cimento utilizando diferentes primers, além de avaliações do 
















Diante dos resultados encontrados neste estudo, é possível concluir que: 
 
1- A aplicação do silano RL resultou em maiores valores de energia de superfície e a 
morfologia de superfície foi semelhante ao grupo NS;  
2- O primer autocondicionante MB produziu um padrão de condicionamento mais suave 
que o ácido fluorídrico, menor energia de superfície que o CP e RL, mas uma superfície 
mais hidrofóbica; 
3- Ligações das moléculas de silano com a superfície da cerâmica foram identificadas em 
todos os primers testados; 
4- Os protocolos de silanização não tiveram influência nas características morfológicas e 
físico-químicas da cerâmica tratada com o MB; 
5- O protocolo de aquecimento (HT) do silano foi o que apresentou melhor performance 
após termociclagem; 
6- Termociclagem afetou negativamente a resistência de união cerâmica-cimento resinoso 
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ANEXO 2 - VERIFICAÇÃO DE ORIGINALIDADE E PREVENÇÃO DE PLÁGIO 
Caracterização físico-química, morfológica e adesiva do dissilicato de lítio tratado com primers 
cerâmicos e protocolos de silanização 
 
